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ABSTRACT

Experiments were conducted to determine if it is possible to
attenuate RF energy in a transmission line by coupling the line to a
transformer with a lossy core. This device was designed specifically
to provide high core loss and eddy current loss. Tests over the fre-
quency range from 20 kc to 1 Mec indicated that adequate RF protection
could be provided for an EED having a l-ohm bridge wire. It was
possible to fire MARK 1 Mod O squibs through the transformers with a
2 millisecond pulse of 14 volts magnitude.

Dissipative filters of various types were tested and showed
promise. An analog computer is being used to evaluate these filters
and gain information as to arrangements which would give as much RF
attenuation as possible without unduly reducing the firing sensitivity
of an EED.

The evaluation of solid state devices was continued, but only
transistor switching circuits showed promise; however, these required more
complex firing circuits than those now ordinarily used.
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1. INTRODUCTION

The purpose of this program is to develop an electroexplosive
device (EED) which will be protected against accidental initiation by
radio frequency energy. In the past, all attempts to provide protection
have been applied to EED's which are already in being. Thus, the
efforts to provide the maximum protection were handicapped by restric-
tions on changing the external configuration or the normal firing or
performance characteristics of the original EED. In this project, the
latest state-of-the-art techniques will be applied with the objective
"of minimizing the RF hazard; size and firing characteristics of the EED
are of secondary consideration.

2. EXPERIMENTAL PROGRAM
2.1 Lossy Core Devices

One of the usual problems facing the engineer when designing
a transformer is that of keeping core losses to a minimum. This problem
becomes more difficult as frequency increases. We think it possible
to attenuate RF energy in a transmission line by coupling two portions
of the line to a transformer having large losses. It is known that
eddy current losses in a transformer core of fixed design vary directly
as the square of the frequency. This loss ratio makes such a device
attractive for our purpose. Several of these transformer type devices

were designed and tested during this report period.

2.1.1 Bilased Core Device

A transformer device similar to that shown in Figure 2-1 was
constructed to determine how RF losses might be affected by operating
the core at various points on the B-H curve and to ascertain the effects
of varying the gap width and gap materials in the core. All three
coils were wound with 200 turns of #35 copper magnet wire. Tests were
made in which the input coil was driven at various frequencies from an
oscillator with a signal of 40 volts peak to peak. Test results are
recorded in Table 2-1.

; -1l -
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Table 2-1
TEST RESULTS - BIASED CORE PROTECTIVE DEVICE
Output_(Volts, Peak-~to-Peak)

Input Polepieces Clamped; No Shim With 0.031" Brass Shim
Frequency (Volts P-P) No Bias 12 V DC Bias No Bias 12V DC Bias
5 KC 40 1.00 .38 15 .10
20 KC 40 .60 025 .07 .05
50 KC 40 025 .10 .005 .005

This device was also tested for transfer of capacitor discharge
pulses by discharging a 5 uf capacitor, charged to 25 volts, into the
input coil. The magnitude of the output pulse measured 1.2 volts with-
out the brass shim and 1.0 volt with the shim in place.

These tests indicated that the losses in a transformer type
device could be expected to increase with frequency; that the losses can
apparently be varied by changing the operating point on the B-H curve;
that discontinuities in the flux path would increase the isolation of
the circuit for RF without having too serious an effect on the DC trans-

fer characteristics.
2.1.2 Toroidal Core Device

We conducted experiments with a device similar in its general
form to the conventional pulse transformer. This device was constructed
as shown in Figure 2-2. The core was machined from a bar of soft Armco
iron; then wound with coils of varying numbers of turns of magnet wire.

The results of attenuation tests of this device are shown in Table 2-2.
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Table 2-2
TEST RESULTS - TOROID PROTECTIVE DEVICE
Frequency Input (Volts P-P) Output (Volts P-P)
5 KC 40 .08
20 KC 40 40
50 KC L0 2.00

When the device was tested for pulse transmission, results
were unsatisfactory as far as energy transfer was concerned. The output
pulse had the appearance of a voltage spike of short duration which
appeared to be independent of the input pulse width. This pulse behavior,
together with the fact that capacitive coupling seemed to be increasing
as the frequency increased, led to the suspension of experiments with
this device.

2.1.3 1Isolating Transformer

Several test units were constructed having separate input and
output windings on a cyclindrical core of soft Armco iron. By experi-
ment, it was found that the pulse transfer characteristics were reason-
able, but again there was apparently RF coupling at the higher fre-
quencies probably due either to radiation or to capacitance effect.

Previous work had shown that material having high permeability
and low resistance, and which had been cold worked, should have maximum
eddy current loss, the desired condition for this application. In order
to get the greatest attenuation in a choke having such a core, we must
aim for the greatest inductance. In proposing the use of two windings,
with a common lossy core, to serve as an isolating transformer, we make
the comment that the design of such is somewhat cut-and-try. To reduce
the dc resistance of such a coil, and yet obtain a maximum inductance,
we decided to use a coil with a length less than the diameter. This
configuration should give maximum inductance for a given length of wire,

=l =
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and therefore maximum eddy current loss. The outer diameter was
limited to 2 inch maximum, which would fit within an easily obtainable
metallic tube. The depth of windings was fixed by the turns ratio
required by voltage requirements. The inside diameter was 1/2 inch,
so that a section of soft Armco iron presently available might be used
for the core.

In order to eliminate high frequency coupling, shielding was
tried between the coils as shown in Figure 2-3. Tests were made using
an oscillator and a power amplifier to drive the input coil while the
resulting signal on the output coil was measured across a 1 ohm load.
The results of these tests, shown in Table 2-3 indicate that signifi-
cant protection from RF energy is provided. Isolating transformer
number one was made with a 1:2 step-up turns ratio. In testing, the
device was supplied with a firing pulse by The Franklin Institute
Laboratories Universal Pulser, (FILUP), and MARK 1 MOD O squibs were
connected to the output coil. Five of six squibs were fired by a 2
millisecond constant current pulse of 14 volts magnitude. The sixth

squib fired on the application of a 20 volt pulse of the same type.

Table 2-3

VOLTAGE RATIO TESTS

id Coil #1
Soleno oil # Protection Constant

Frequency Voltage iniv,) Voitage Out(V,) 20 logloﬁgé
1 KC 5 02 27.9
1.5 5 s 2 27.9
2.0 4.8 .2 27.8
5 6.8 02 30,8

10 11.0 o2 34.8
20 28.0 0 42.0
30 64 "2 50.2
40 56 o1 55.0
50 32 ol 50,2
70 2 -1 47.6

100 22 .1 46.9

200 52 .1 5h.l

500 26 : .1 48.3

800 11 .05 46.9
1 Me 11 .05 46.9

-5-
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2.2 RF FILTER DEVICES

RF filters are devices which combine elements to bypass or
dissipate RF energy, before it can reach the initiating element of the
EED. The evaluations of devices developed in this study are believed
to be valid only with the specified terminating impedance, since this
quantity has a tremendous effect upon filter performance.

2.2.1 Reactive Filters

The most simple filter evaluated during this report period
consisted of a coil and a resistor in parallel, inserted in the firing
line as shown in Figure 2-4. An attempt was made to measure the attenuation
in a matched system. At 10 Mc a loss of 21 db was measured, but complete
impedance matching was not possible; therefore, this value should be
considered only as insertion loss. Insertion loss was measured for this
same device in the system shown in Figure 2-2 of Report Q-Bl856-1; the

same loss was measured.
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FIG 2-4. SIMPLE INDUCTANCE FILTER

2.2.2 Dissipative Filter

A filter using more elements to make a power divider was
constcucted according to Figure 2-5. When evaluated in the 10 Mc system,
an insertion loss of 30 db was measured. Additional tests were made to

300uh COIL

&
= 0.0luf CAPACITOR
! 1n

DR % ? LoAD

P
l‘ ? 10 RESISTOR l RESISTOR
% *

FIG.2-5. DISSIPATIVE FILTER NETWORK

|

determine the power dissipated in the different elements of the circuit.
Power was measured at the points labeled Pl and P2 in Figure 2-5 and
was distributed as shown in Table 2-4 . This circuit did not provide
adequate RF protection. The value of the capacitor ir. the circuit in
Figure 2-5 was changed to 5 uf. This made a marked change in the ratio
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Q-B1856-2

POWER DIVISION IN FILTER CIRCUIT - FIGURE 5

P1 Pz
uenc l:.l + l:'2 Pl + P2
10 KC 002 .998
20 KC . 005 995
50 KC 148 .852
100 KC .692 .308
200 KC .918 .082
300 KC .978 .022
500 KC .9911 0099
1l M >,992 <,008

Note: Capacitor = .0l mfd.

Table 2-5

P\/P,

«002
.005
174
2.25
uﬂz
443
100

POWER DIVISION IN MODIFIED FILTER CIRCUIT - FIGURE 5
Pl/ P,

Frequency

10 KC
20 KC
30 KC
50 KC
100 KC

Note: Capacitor =

5 uf

36
49
100
400
400
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of the power dissipated in the load resistor to that dissipated in the
protective resistor. Results of this test were as shown in Table 2-5.
The level of attenuation was somewhat higher than the previous test
but still marginal.

The dissipative filter was modified by adding more filter
elements, with values as shown in Figure 2-6, Response of this filter
was checked at high frequencies with results as shown in Table 2-6.

La Ly La
Ore——
IC- Cs ~C2
L= ImH
C=lut gﬁ.
R= I Ry Ry R
o *
FIG.2-6. MODIFIED DISSIPATIVE FILTER
P P P P
P R, + "R.+ "R, + R
Power Ratio = Pin = 1 g 2 4
out Rl

The results of the tests of this type of filter showed promise;
a program has been set up on an analog computer to determine the effects
on attenuation when the values and ratios of the circuit components are
changed, and to determine how such a filter might distort different
types of firing pulses.
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Table 2-6
POWER DIVISION - MULTI-ELEMENT DISSIPATIVE FILTER

Frequency 5 me 7 mc 10 mc 15 me 20 _mc 30 me
Element

ERl .01 .03 .03 .02 .02 .01
ER .02 .Oh .04 .02 .02 .01
2
ER .03 .06 .05 .02 .02 .01
3
ER 1.6 2.8 1.2 <60 .80 - 60
N
Power 4
Ratio 2.56 x 10 8700 16000 13612 6412 3603

2.3 SOLID STATE PROTECTIVE DEVICES

Studies of solid state devices which may be used to provide
RF protection for EED's were continued during this report period.
Several types of devices were studied including transistor switches,
1ight-dependent resistors, and diode networks.

2.3.1 Transistor Switching Devices

Evaluation of the transistor circuit shown in Figure 2-5 of
the previous report (Q-Bl856~1) was continued, During this report
period, insertion loss measurements were made with the device operating
with collector voltage applied. When the 2N1162A transistor was tested
with 12 volts on the collector and with the RF signal applied to the
base, the results were as shown in Table 2-7. In the table the term
"protection constant" is used instead of '"db attenuation' because the
input and output impedance were not of the same value. This device
appears to provide some protection from 20 KC to 3 Mc.

- 10 -

QO mc

-005
.005
.005
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Table 2-7
TRANSISTOR PROTECTION TEST - COLLECTOR VOLTAGE APPLIED

Frequency Voltage In Voltage Out Protection Constant#

1 KC 11.0 .12 20.96

2 KC 11.0 .12 20.96

5 KC 11.0 .08 40.13
10 KC 11.0 .07 40.19
15 KC 11.0 .06 40.26
20 KC 11.0 .05 40.34
30 KC 11.0 .04 40.43
40 KC 11.0 .035 40.49
50 KC 11.0 .03 40,56
100 KC 12.0 .03 40,60
150 KC 12.0 .025 40.68
200 KC 12.0 .025 40.68
500 KC 12.0 .03 40.56
1M 10.0 .07 40.15

2 Me 10.0 020 20.69

3 M 9.0 022 20,61

5 Mc 7.0 5.6 1.92

7 Me 5.0 4.8 o34
9.8 Me 4.0 3.4 1.36

# Protection Constant = 20 loglo ggizagz gﬁt o

2.3.2 Light-Dependent Resistor Devices

Light-dependent resistors (LDR) might be used in a circuit
similar to that shown in Figure 2-7 to provide RF protection for
electroexplosive devices. Upon receipt of a firing signal, the light
source is activated by the dc voltage of the firing pulse, causing the
resistance of the LDR to drop from megohms to tens of ohms, permitting
the pulse to pass through to the load. On the other hand, when RF
voltages are applied to gas tubes or electroluminescent panels, we have
a different result; as frequency is increased, the light output decreases.
This circuit, therefore, would maintain its impedance to RF energy at
a high level.

-11 -
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FIG.2-7. LIGHT DEPENDENT RESISTOR C/RCUIT

Device A contained both light source and LDR in an integral
sealed unit, These units were thought to have gas tube light sources,
but when preliminary tests were made the light source was found to be

an incandescent lamp. Therefore there was no apparent RF protection.

Device B comprised a separate LDR, mounted in a paper tube
together with an NE-48 neon lamp as a light source. In this instance,
it was possible to reduce the series resistance of the LDR from 1 meg-
ohm to 200 ohms, but 125 volts dc is required to produce this change.
Further work on Device B has been suspended because other devices have

been more promising.
2.3.3 Diode Protective Device

A superficial study was made of a circuit shown in Figure 2-8
which used 1N34A diodes as protective devices. When RF energy is
applied at the input terminals of this circuit the current passes freely
through both diodes during one half of the cycle providing a low
impedance shunt for the EED. During the other half cycle, a large
voltage drop occurs across D2, thus limiting the applied voltage across
the EED. A measure of protection is thus provided. Tests at 100 kc
and 1 Mc indicate that ratios %i of 100 are possible, When the firing
pulse is applied to the input tgrminals, D1 will burn out causing the

firing current to pass through the EED bridge. Work was suspended on

-12 -
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this device because of the limited
knowledge of diode burnout
characteristics, and because EED
bridge resistances of approximate-
ly 5000 ohms were indicated.

EED

2.3.4 Other Solid State Devices

Other devices considered

for protective systems are varis-

tors and zener diodes. Varistors
FlG. 2-8 DIODE PROTECTIVE CIRCUIT

have a resistance which varies as
the impressed voltage varies. They
may be obtained with different response curves; i.e.,, resistance versus
voltage. By using one or more varistors in a circuit, a unique voltage
descriminating network may be developed. Two units whose character-
istic curves intersect (for a specific voltage their resistances are
equal) may be included in a bridge type network which would respond in
an unique way for a specified voltage. The relatively high resistance
of available varistors makes their use difficult in circuits for pro-
tective systems. Perhaps the effect of the high resistance might be
lowered by use of modified circuitry. Varistors as a protective
systems component have not been investigated further, since an obvious

use of their characteristics is not presently evident.

We have considered the use of zener diodes in a network that
would respond to a specified pulse height. Zener diodes have the pro-
perty of passing virtually no current until the applied voltage, exceeds
a certain characteristic value; at higher voltages, zener diodes appear
as a low impedance. When two such diodes of differing characteristics
are placed in a proper network a voltage gate is formed, requiring a
specified voltage pulse to pass through the device. Such a network
might be as shown in Figure 2-9. The voltage pulse required to trans-
mit sufficient energy to the device may be restricted to be Vl <V< VZ.

-13 -
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FlG.2-9. ZENER DI/ODE PROTECTIVE CIRCUIT

The circuit to the right of the second diode may be used to delay the
effect of the pulse upon the load thereby permitting V2 to break down
soon after V passes Vl’ if V exceeds both Vl and V2.
Such a circuit concept is highly conjectural, and unconsidered
factors as capacitive coupling may negate its usefulness at certain
frequencies. This concept has not been studied further; more consider-
ation is warranted before more intensive work is directed to study
the concept. Even if such a network were feasible, it would place
certain added restrictions upon the applicable firing stimuli. It is
worth observing that safety always involves restrictions, and the degree

of safety depends on the narrowness of the restrictions.
3. CONCLUSIONS AND FUTURE PLANS

In addition to the reactive filter described in the last
report (Q-Bl856-1) we now have the isolating transformer to provide
protection from the lower frequencies in the RF spectrum (20 Mc to
1 Mc). We believe that such a device will provide protection even at
high frequencies, but at the present time reliable measurement
techniques in the frequency range above 1 Mc are not set up in the
laboratory. These measurement techniques are being developed on other
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programs and will be used on this program when their reliability is
proven. The isolating transformer has an advantage over other protective
devices in that the power level required to fire the EED needs to be
only slightly increased. Consider the MARK 1 MOD O squib with which

the solenoid device was tested. This EED should require approximately

1 volt DC across its one ohm bridge to fire. When fired through the
transformer 14 volts DC are required across the 8-ohm input coil. The
current required to fire has been increased by a factor of 1.75. This
voltage and current are readily available from any usual vehicular

power supply. .

The modified dissipative filter shown in Figure 2-6 shows
promise as an effective protective device. This circuit is being
analyzed on the analog computer so that its characteristics may be
made optimum. If the results of this computer study are favorable, this
type of circuit might also be incorporated into a protected squib.

During the next report period the prototype RF-protected
squib design will be completed and the prototype units constructed and
tested.
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